Abstract
Introduction

42
Tropical marine systems are dynamic environments that experience transient periods of light 43 reduction from sediment re-suspension caused by storms and cyclones, prevailing winds and 44 tides, and riverine inputs (Collier et al. 2012a ). Seagrasses inhabiting these systems have 45 therefore adapted to short-term reductions in light by balancing respiratory requirements with 46 carbon supply via a cascade of physiological adaptations (e.g. photo chemical and metabolic 47 shifts) and morphological adaptations (e.g. increased shoot:root biomass) (Ralph et al. 2007 ).
48
However, in nearshore coastal waters, seagrasses are frequently exposed to additional reductions 49 in light availability owing to increased turbidity associated with higher sediment and nutrient 50 loads from coastal development and dredging (Ralph et al. 2006 ). Prolonged reduction in light 51 availability (> 30 days) can result in meadow-scale changes in morphology, percent cover and 52 3 community composition as susceptible species die-off (Collier et al. 2012a; . Sediment plumes 53 from dredging operations also result in a cycle of sediment re-suspension and settlement, thus 54 exposing seagrass to multiple shading events. However, the impact of these cycles of fluctuating 55 low and full light on seagrass survival has not been rigorously tested. Further, the impacts of 56 altered light conditions in the water column on belowground functioning, including root growth 57 and exudate production, and how these may vary among species, are largely unknown.
58
Seagrasses are unique among autotrophic marine organisms in that aboveground production is exudates might thus be considered the primary fuel for mineralization processes close to the root 64 surface that generate additional nutrients for growth (Holmer and Nielsen 1997; Welsh 2000) .
65
Plant production of root exudates is largely dependent upon the photosynthetic activity and impacted by continuous and fluctuating reductions in light availability. We also sought to assess 93 capacity of these three species to recover from stress associated with low light. All three species 94 are considered colonising and fast-growing seagrasses with a rapid ability to recover following 95 light stress relative to larger longer lived temperate seagrass species (e.g. Posidonia spp.) 96 (Kilminster et al. 2015) . However, of the three species, Halophila ovalis is considered to have 97 the lowest physiological resistance to disturbance, but the fastest ability to recover, followed by Halodule uninervis and lastly Cymodocea serrulata (Kilminster et al. 2015) . Given the 99 differences in their response and recovery to disturbance, we expected that the rate and 100 composition of root exudation would be altered by declines in light availability, both under 101 continuous and fluctuating treatments, and that the response and recovery in root exudation 102 would be species specific.
103
Methods
104
Site description, seagrass collection and mesocosms and all roots removed to ensure new root growth and to avoid necrosis before being planted into 114 pots submerged in 1,800 L tanks. As these species naturally grow as a mixed meadow in the 115 sampling site, three replicates of each species were planted into each pot to emulate a mixed 116 meadow (i.e., nine plants per pot). Siliceous river sand mixed with 1.5 % dry weight of beach 117 wrack (dried and ground seagrass leaves) was used as the seagrass sediment as this has been 118 previously shown to benefit the growth of seagrass seedlings (Statton et al. 2013 warmed to room temperature and absorbance measured at 254 nm within a 1 cm quartz cuvette.
175
Samples were diluted when optical density was > 0.05 nm to correct for inner filter effects 
Results
204
Seagrass biomass response and recovery to light treatments
205
In general, root biomass of all three seagrass species was lower when grown in reduced light 206 compared to the full light control (Fig. 2) . With the exception of the species Halodule uninervis,
207
plants that were grown at the lowest light treatment (L) showed the greatest reduction in root 208 biomass (Fig. 2) . In contrast, shoot biomass was only reduced in the low light treatment for H.
209
uninervis, and this only occurred at the end of the recovery period (Fig. 2) .
210
The low root biomass observed in all species under low and fluctuating light persisted after the 211 recovery phase, although the moderate light treatments did not differ from the control (Fig. 2) .
212
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213
Root exudate response and recovery to light treatments and H. uninervis compared to the full light control (C) (Fig. 3c) . In contrast, exudation of TDN 219 was unchanged by light availability for C. serrulata (Fig. 3c) .
220
Once plants from all light treatments were exposed to full light (after the four-week recovery 221 phase), both C. serrulata and H. uninervis had recovered, as exudation of DOC and TDN was 222 not different to the control (Fig. 3b, Fig 3d) . In contrast, H. ovalis continued to exude a higher 223 rate of DOC and TDN from the lowest light treatment (L), where exudation rates of both DOC
224
and TDN were double the rate of the full light controls (Fig. 3b, Fig. 3d ).
225
( Fig. 3) 
226
A total of five fluorescent components were validated from the PARAFAC model. These fluorescence intensity from all samples (Fig. 4) . Peak emission and peak excitation spectra of 
234
( Fig. 4) 235 (Table 2) 236
As expected, light availability had a significant effect on all fluorescent components present in for all seagrass species as compared to the control (Fig. 5a, Fig. 5c ). However, by the end of the 240 light recovery period, both C. serrulata and H. uninervis exudation of protein-like DOM was not 241 different to the control (Fig. 5b) . In contrast, H. ovalis continued to exude a higher rate of 242 protein-like DOM from the lowest light treatment (L) (Fig. 5b) . Following the recovery period, (Fig. 5d) .
246
Seagrasses also differed in the relative concentration of components. Both H. ovalis and H.
247
uninervis exuded more protein-like DOM on average than C. serrulata (Fig. 5a, Fig. 5b ).
248
However, exudation of component C5 by C. serrulata was ten to 15 fold higher than for either H. 
Seagrass response and recovery to fluctuating and continuous low light conditions
284
We also observed that the exudation of humic-like components increased in the recovery phase However, assigning bioavailability to these compounds is not straightforward, as although they Table 2 for the classification of the components). 
